Seven rotavirus strains dually reactive to serotype G1-and G2-specific monoclonal antibodies (MAbs) from hospitalized children with rotavirus diarrhea were culture adapted. Six strains were neutralized with G1 antiserum to a higher titer than that of G2, and one was neutralized with G1 and G2 antisera to equal titers. Of these, four strains were also neutralized with G6 antiserum. Five strains with short RNA pattern could not be serotyped, and the remaining two strains with long RNA pattern were serotyped as G1 strains. In addition, two strains showing dual reactivity to G2 and G4 MAbs and one G2-like strain from a nontypeable specimen were isolated. The dual reactivity of the isolates could not be attributed to mixed infections.
Surveillance studies on rotaviruses suggest that, in developed countries, 90 to 95% of specimens can be typed as G1 through G4 (9, 17) . However, much higher percentages of nontypeable specimens have been reported from developing countries (3, 7, 8, 13, 15, 16, 21, 23, 24) . In addition, strains belonging to serotypes G6, G8, and G10 (2, 12, 18, 19, 21) and dually reactive specimens have been detected from India and other developing countries (5, 6, 13, 20, 21) . Among the reports from India, the four major worldwide strains made up only 27.4% (10) , 65.5% (4), 22 .4% (21) , and 22% (13) of the total strains by monoclonal antibody (MAb)-based serotyping.
Epidemiological studies carried out in Pune, India, during 1990 to 1997 reported 67 (15.50%) of 432 rotavirus-positive specimens as being dually reactive to serotype-specific MAbs. Twenty-five specimens reacted to G6 and G10 MAbs, 19 specimens reacted to G2 and G4 MAbs, and 13 specimens reacted to G1 and G2 MAbs. The remaining 10 specimens gave dual reactions in several combinations. A large number of specimens (47.92%) remained nontypeable (21) . The above data prompted us to study isolation and characterization of some dually reactive and nontypeable fecal specimens, in order to determine whether these specimens really exist in nature or whether the reactivity of original fecal specimens with G1-and G2-specific MAbs was nonspecific in nature. Accordingly, nine dually reactive and three nontypeable specimens from hospitalized children were chosen. The details regarding fecal specimens are presented in Table 1 .
Ten isolates were obtained from 12 specimens. Of these, all seven fecal specimens dually reactive to G1 and G2 MAbs yielded isolates. Similarly, rotavirus isolates were obtained from both of the specimens that were dually reactive to G2 and G4 MAbs. Only one specimen (no. 9310361) could be adapted to growth in MA104 cells from three nontypeable specimens. Rotavirus were not isolated from the remaining two fecal specimens in spite of 10 blind passages.
Results of subgrouping, serotyping, and electropherotyping of all the isolates are presented in Table 1 . Of 10 isolates, 8 retained the subgroup specificity of their respective original fecal specimens. The subgroup specificity of specimen no. 913700 changed from subgroup I to subgroup I and II after culture adaptation, whereas specimen no. 9016061, which belonged to the non-I, non-II subgroup showed subgroup II specificity. The reason for such a phenomenon is not clear, although it has been reported that fecal specimens having short RNA and belonging to subgroup I and II changed to long RNA with subgroup II upon cultivation (1) .
Although strains with short RNA pattern and G2 specificity similar to that of prototype G2 have been reported from India (4, 10, 13, 21), the isolates with dual reactivity having short RNA could not be serotyped. Seventeen strains with subgroup I and short RNA that reacted with G2-specific as well as other serotype-specific MAbs even after adaptation to growth in cell culture have been reported from India (4). Preliminary sequence analyses of the VP7 gene from some of these strains revealed that it was closely related to the corresponding gene of serotype G2 strains of human rotavirus RV5 and S2 but contained point mutations at specific locations. Amino acid changes in the antigenic regions of VP7 may lead to loss of specific reactivity to G2-specific MAbs. Besides, Anand et al. (5) also reported strains exhibiting subgroup I specificity and short RNA that could not be typed as serotype G2 because they showed similar reactivities to MAbs specific for serotypes 1, 2, 3, 4, 6, and 10 (5). Table 2 summarizes the results of neutralization assays of the isolates with hyperimmune antisera against established prototype rotavirus strains. Six isolates from fecal specimens dually reactive to G1 and G2 MAbs were neutralized with antisera against G1 at a higher titer than with antisera against G2, and one isolate was neutralized with antisera against serotypes G1 and G2 to the same extent. Of the two isolates with dual G2 and G4 specificity, one isolate (no. 938529), with short RNA pattern, was more like G2 than like G4 and the other one (no. 9016061), having a long RNA pattern, was more like G4 than like G2. The isolate no. 9310361, (obtained from the nontypeable specimen) was neutralized more with antiserum against G2 serotype than with antiserum against G1. The results of cross-neutralization of rabbit immune sera against the two isolates no. 958644 and 913700 are presented in Table 3 .
The antiserum against strain 958644 neutralized serotypes G1 and G2 to an equal extent and neutralized serotype Bov-Lin to higher titers, whereas the antiserum against strain 913700 neutralized the G2 serotype to very high titers. We have taken up studies to raise immune sera and colostrum in pregnant goats against the prototype strains of rotavirus and these two isolates. Both the isolates showed very good neutralizing antibody response to serotypes G1 and G2 in sera as well as colostrum preparation (unpublished data).
Guinea pig erythrocytes were not agglutinated by any of the tissue culture isolates examined. It appears that the isolates are human rotaviruses.
The present study reports cultivation of unusual human rotaviruses from India showing dual serotype specificity for the first time. The results of the study indicate the diversity of rotaviruses in India, as reported earlier (13, 20, 25) . Unusual strains related to serotype G1 having subgroup I specificity and short electropherotype have been reported from India (11) .
All the isolates and original fecal suspensions reported in the present studies were shown to contain only 11 RNA segments without additional RNA bands. This ruled out the possibility that the patients had mixed infections, although many authors have reported mixed infections by showing the presence of extra RNA bands (3, 14, 26, 27) . Thus, the results support the view that a large number of natural reassortants showing dual reactivity may be circulating and affecting children in India. It appears that many nontypeable specimens reported by Kelkar and Ayachit (21) and that belonged to subgroup I with a short RNA pattern could be either G1 or G2 but could not be serotyped. According to Steel et al. (28) , dual infections of G1 and G2 may be a result of the predominance of G1 and G2 strains in nature (28) .
There are several reports of detection and isolation of dually reactive specimens. Strains dually reactive to G1 and G3 have been detected, (8) and strains reactive to G3 and G5 and to G5 and G11 have been isolated (22, 30, 31) . According to Timenetsky et al. (30) , one or two amino acid substitutions on G5 VP7 may be sufficient for the G11 reactivity. One potential consequence of the presence of multiple G and/or P types in the specimen is a greater chance for reassortment during nat- c Method A capture Abs, MAbs to G1-G4, G6, G8, and G10; method A probing Abs, polyclonal sera to G1-G4, G6, G8, and G10; method B capture Abs, polyclonal sera to G1-G4, G6, G8, and G10; method B probing Abs, MAbs to G1-G4, G6, G8, and G10. -ve, not reacted. Neutralizing-antibody titer with hyperimmune rabbit antisera to rotavirus strain (G serotype) a : (29) . According to Urasawa et al., the prevalence of a variety of human rotavirus strains in a large densely populated area might give rise to simultaneous infections of individuals with more than one human rotavirus strain leading to a gene reassortment among different strains and producing reassortants with unique characters. Following gene reassortment, specimens of dual serotype specificity can occur (31).
In conclusion, it is important to understand antigenic specificities of such reassortants circulating in India in the context of the development of an effective vaccine against rotavirus diarrhea. Moreover, many nontypeable specimens from India having short RNA pattern may be G1 and G2 or G2 and G4, which do not react to MAbs against G2.
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